Gail bladder bile is more acid that hepatic bile and this has been attributed to bicarbonate absorption by the gall bladder epithelium. 
Gall stone disease is a common cause of morbidity and mortality and cholocystectomy represents a significant percentage of major upper abdominal operations in western society. Although considerable research has been concentrated on the pathogenesis of gall stone formation, this has often focused on the biochemical changes that occur in the bile. It is only within the last 10 years that the importance of the events in the gall bladder and in particular the possible contributions of the gall bladder mucosa to lithogenesis has been recognised.
The gall bladder mucosa has one of the highest rates of water absorption in the body and an 80 to 90% decrease in the initial volume of bile is achieved within the gall bladder. This is achieved by coupling of active sodium transport and passive water absorption resulting in isotonic fluid absorption.' Fluid transport is subject to physiological regulation and is higher in the daytime. 23 Electrolyte transport has been extensively investigated and chloride is actively absorbed in exchange for bicarbonate.4 Potassium moves passively from the mucosa to the serosa according to electrochemical gradients,5 and calcium is also absorbed and its distribution across the gall bladder epithelium is consistent with passive transport.6 Its contribution to gall stone formation is increasingly recognised. Most of the organic components of bile -namely, bile acids, lecithin, bilirubin, and cholesterol are absorbed to a limited degree by the human gall bladder mucosa.578 There is more recent evidence that the human gall bladder has not only absorptive but also secretory properties. Fluid absorption can be reversed to net secretion with feeding in chronic inflammation or with the use of pharmacological agents (prostaglandins, prostacyclin, gut hormones, etc).9 An increasing number of biliary proteins are known to be secreted from the gall bladder mucosal cells such as mucin, immunoglobulins, etc.-'>2 In man as well as in other species there is decline in the pH of the gall bladder bile compared with hepatic bile. Initially this was thought to be the result of bicarbonate reabsorption by the gall bladder mucosa.' 5 Studies in rabbit, guinea pig, and necturus gall bladders have produced evidence for mucosal hydrogen secretion during sodium reabsorption, probably representing a sodium/ hydrogen exchange. '3-'7 In a more recent study it has been suggested that the canine gall bladder has the ability to secrete hydrogen ions in vivo.
"
There are, however, no studies on the human gall bladder mucosa dealing with the mechanisms of bile acidification and it is not clear whether this is because of hydrogen ion secretion or bicarbonate reabsorption. Acid secretion by the gall bladder has important implications for gall stone formation because the majority of gall stones contain calcium carbonate and changes in the pH of the bile are of critical importance in influencing the calcium solubility in bile. '1
The present study was undertaken to investigate the role of the gall bladder epithelium in the acidification process of bile in vitro using fresh viable human gall bladder mucosa obtained at cholecystectomy. 
EXPERIMENTS
Forty gall bladders were studied. The experiments were divided into three groups.
First group Five gall bladders were studied. The effect of oxygen deprivation and immersion in formaldehyde 4% on the resting potential difference was observed. 95% 02/5% CO2 was bubbled at a steady flow rate of 2 1/min from time 0 to 20 minutes, then stopped for 10 minutes from time 20 to 30 minutes and subsequently continued at the same flow rate until the end of the experiment. Thereafter the gall bladder mucosa was exposed to 4% formaldehyde for two minutes, rinsed with RKGB solution and remounted to the Ussing Chamber and studied for further 10 minutes. The potential differences were monitored continuously throughout the experiment.
Second group Twenty five gall bladders were studied. Twenty one were processed according to the standard protocol to maintain viability and four were immersed in formaldehyde 4% for two minutes before being mounted on the Ussing Chamber. The hydrogen ion concentration, bicarbonate concentration pCO2 and P02 were measured at the beginning (two minutes) at 45 minutes and the end of the experiments (70 minutes). The resting transepithelial potential difference was monitored throughout. The aim was to study the acidification capacity of the viable gall bladder compared with non-viable tissue.
Third group Ten gall bladders were studied. In the first set of experiments involving six gall bladders the mucosal bathing solution was replaced by sodium free Krebs-Ringer solution (NaCl and NaHCO3 removed) and the analytes mentioned above were measured. In a second set of experiments involving four gall bladders 2 mM amiloride (a specific Na+/H+ inhibitor) was introduced into the mucosal compartment and its effect on acidification was observed after 45 minutes. (Fig 1) . The P02 was measured in both compartments at two minutes, 45 minutes, and 70 minutes. Although 95% 02/ 5% CO2 was bubbled in the serosal compartment only, there was no difference in the P02 between the mucosal and serosal compartment (25-3 (2-1) pKa v 23-5 (2-2) pKa respectively) which shows that the diffusion of oxygen through the gall bladder mucosa was adequate. It was thought therefore unnecessary to oxygenate the mucosal compartment directly, as this would disrupt the 'unstirred water layer'. All gall bladders showed evidence of chronic cholecystitis (three grade 1, two grade 2) without any significant changes in cell morphology at the beginning and end of the experiments.
In the second set of experiments 25 gall bladders were studied (18 women, seven men; 13 contained cholesterol stones, nine pigment stones, three biliary sludge). Four of those were immersed in formaldehyde and used as controls and from the remaining 21, six showed evidence of grade 3 chronic cholecystitis and were not included in the analysis outlined below. There was a significant increase in the hydrogen ion concentration from two minutes to 45 minutes and to 70 minutes observed in the mucosal compartment (p<001) while in the serosal compartment there was a significant decrease in hydrogen concentration (p<0c05). By contrast in the non-viable gall bladder (those immersed in formaldehyde) there was a significant drop in hydrogen concentration on the mucosal site without any significant change of hydrogen concentration in the serosal side (Fig 2a) . In the viable gall bladder bicarbonate concentration significantly decreased in the mucosal compartment from two minutes to 45 and 70 minutes (p<002) while on the serosal side there was a significant increase of bicarbonate concentration from two minutes to 70 minutes. In the nonviable gall bladder an increase of bicarbonate concentration was seen in both compartments (Fig 2b) . In the viable gall bladder there was a significant increase in pCO2 between two and 70 minutes on the mucosal site (p<003) while in the serosal compartment a significant decrease in PCO2 was observed (p<005). In the non-viable gall bladder there was a drop in pCO2 in both compartments being significant in the mucosal side (p<001) (Fig 2c) .
In the viable gall bladder the mean potential difference did not significantly change throughout the experiments. There was, however, a significant difference in the potential difference between the viable and the non-viable gall bladders studied (6&3 (2 6 ) to 1L3 (0-9), p<0.01) at five minutes. The potential difference of the non-viable gall bladders rapidly declined to 0. When the acidification ability of the 21 gall bladders was plotted against the degree of chronic cholecystitis there was a progressive and statistically significant decrease of hydrogen ion secretion from grade 1 (mild) to grade 3 (severe) cholecystitis (Fig 3) .
The same was true when hydrogen ion secretion was plotted against the degree of cell morphology changes graded from 0 to 2 indicating that gall bladder epithelia with impaired viability had a tendency to secrete less hydrogen ions (Fig 4) .
There were no differences in the acidification capacity of the gall bladders with sex or type of gall stones, although epithelia from gall bladders with pigment stones had a higher ability to absorb bicarbonate (A[HCO3]=-1 68 (0 49) mmol/l (pigment) v 3-8 (0 74) mmol/l (cholesterol), p<0 01).
In the third set of experiments (10) For years it has been known that gall bladder bile is more acid compared with hepatic and the difference in the pH has been attributed to bicarbonate absorption.' 5 In this study we have shown that fresh viable human gall bladder mucosa is capable of acidifying physiological solutions in vitro. This acidification is a function of viable tissue; it was reduced in more inflammed gall bladders or when the epithelial cells became 'sick' during the study and was lost when the mucosa was non-viable. Acidification was abolished when the gall bladder epithelium was exposed to. sodium free solution or in the presence of high concentration of amiloride in the mucosal compartment. In our study where human gall bladders were used to investigate acid secretion in vitro, the gall bladder epithelium appeared capable of increasing the hydrogen concentration in mucosal side with simultaneous decrease of hydrogen concentration in the serosal side which suggests that hydrogen ions were transferred from the serosal to mucosal side of the tissue. The concomminant decrease of bicarbonate concentration with increased pCO2 in the mucosal side indicates that this acidification is not simply the result of bicarbonate reabsorption. It appears that hydrogen ions produced by the mucosal cells react with bicarbonate to form Co2 and water with a decrease in bicarbonate ions. The observed differences in pCO2 between the viable and non-viable gall bladders could be explained on the basis that a non-viable gall bladder mucosa loses its ability to secrete acid therefore less hydrogen ions are available to react with bicarbonate and also that the production of CO2 from the mucosal cell metabolism is depressed.
Studies on gall bladders of other animal species such as rabbit, guinea pig, necturus, and dog have shown that these tissues are capable of acidifying the mucosal solutions in vitro and there is evidence that a sodium/hydrogen antiport is present at the apical site of the epithelial cell. In our experiments the use of sodium free solutions and amiloride, which is a specific sodium/hydrogen inhibitor, abolished acidification which suggests that hydrogen secretion in the human gall bladder depends upon a sodium/ hydrogen antiport. A potential problem, with Ussing chamber studies is related to the viability of the tissue received at cholecystectomy. The ligation of cystic artery which is part of the operative procedure usually takes place between five to 20 minutes before the removal of the gall bladder. The effect of hypoxia during this period has been studied24 and about 70% of the gall bladders examined immediately after the operation showed evidence of mitochondrial change which was attributed to anoxia and mechanical damage. The human as well as animal gall bladder, however, is a durable organ which can rapidly recover from hypoxia and can be preserved viable for in vitro experiments for up to four hours.' The gall bladder has been used for many years as a model to study ion transport across the epithelia. In this study all the gall bladders showed a transmural potential difference ofmore than 2-3 mV (range 2-3-11-9 mV) serosa positive. This potential difference remained stable throughout the period of experiment and we, as well as other workers,25 27 The mechanism of acid secretion also merits further investigation. In this study we have shown that it is sodium dependant, therefore it is closely linked with the concentrating ability of the gall bladder because it is known that water is passively absorbed consequent upon the absorption of sodium from the epithelial cell. It is, however, necessary to identify other factors which may influence acid secretion and further studies are under way to investigate this. In conclusion we have shown in this study that the viable human gall bladder is capable of secreting acid. This acid secretion probably occurs through an apical Na+/H+ exchange at the mucosal site of the gall bladder epithelial cell. This may represent a protective mechanism against calcium precipitation. Further studies are needed to investigate more fully the process and identify those factors which regulate acid secretion.
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